Biosfer: Jurnal Pendidikan Biologi, 18(1), 199-208 (2025)

Biosfer: Jurnal Pendidikan Biologi

Journal homepage: http://journal.unj.ac.id/unj/index.php/biosfer % BIOSFER:

Pundidikan

Project-based plant morphology module as teaching material for students'
concept mastery

Neni Murniati?*, Yennital, Malinda Dwi Cahya?, Rusdi Hasan2

1 Department of Biology Education, Faculty of Teacher Training and Education, Universitas Bengkulu,
Indonesia

2 Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran,

Sumedang, Indonesia

*Corresponding author: nenimurniati@unib.ac.id

ARTICLEINFO ABSTRACT

Article history The necessity for teaching materials that can effectively facilitate
Received: 17 November 2024 students' skills has become increasingly evident in order to
Revised: 24 January 2025 enhance concept mastery. The objective of this study is to
Accepted: 29 January 2025 develop teaching materials in the form of project-based modules
Keywords: on plant morphology for the purpose of facilitating concept
Written in English 3-5 words or mastery. The Project-Based Plant Morphology Module was
groups of words. developed in accordance with the ADDIE model (Branch, 2009),
Written alphabetically. which comprises five phases: analysis, design, development,

implementation, and evaluation. The research instruments
utilized for the development process included a validation
questionnaire, a student response questionnaire, and a concept
mastery test. Validity of the module was obtained through the use
of instruments in the form of book validation sheets, which were
completed by experts in the fields of media, materials, and
education. The module trials were obtained through the
implementation instruments for the individual components and
the management of the learning implementation. Product trials
will be conducted with students enrolled in the Biology
Education program during the second semester of the
2022/2023 academic year. The data used to validate the module
was obtained from the module's expert validators using a
validation sheet. The data obtained from the product trial is
analyzed in order to assess the readability of the module. The
results indicated that the plant morphology module was
classified as "very feasible." The responses of students to the
module indicated that it was categorized as "very easy to
understand”. Consequently, the plant morphology module is
deemed a valuable and effective component of plant morphology
courses
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INTRODUCTION

Biology is the primary and fundamental science in everyday life. In the learning process,
students accept information, apply procedures, and develop their knowledge (Dikmenli & Cardak,
2010). The acquisition of knowledge by learners is contingent upon their ability to master the concept
of learning materials and to benefit from suitable learning conditions (Mitee & Obaitan, 2015).
Consequently, through the process of learning, students can achieve mastery of the material (Suwono
etal, 2017).

The term "conceptual" is also used to refer to qualitative reasoning (Sands, 2014). The
processes and objects involved in the assessment of conceptual mastery can be evaluated through the
application of reasoning. The attainment of conceptual mastery is the result of a high-level,
coordinated cognitive process that is directed towards the achievement of specific goals (Stalvey et al,,
2018). The development of conceptual knowledge can be classified into three categories: strong,
moderate, or weak; and conversely, can be grouped into three categories: flat, increasing, or
decreasing (Robinson et al., 2018) The conceptual development of students depends on which subject
matter concepts are being assessed, underscoring the need for multiple concepts to be investigated
simultaneously. The development of conceptual knowledge can be classified as strong, moderate, or
weak, and can also be grouped as flat, increasing, or decreasing. This is evidenced by learning
outcomes (Robinson et al,, 2017). Fundamentally, a lecturer is aware of which students have achieved
mastery of concepts, knowledge, and skills and which have not, thus enabling further improvements to
be made (Mitee & Obaitan, 2015). Mastery of this concept must also be demonstrated by students of
plant morphology courses and should be facilitated by innovative teaching materials.

The department and study program of biology education includes a course on plant
morphology. Plant morphology is the scientific study of the shape and configuration of the external
structure of plants(Tjitrosoepomo, 2012). The study of the plant's external structure encompasses the
morphological attributes of diverse species in response to varying precipitation levels and
developmental conditions (Yan et al, 2021). In the learning process, students engage in discourse
using learning resources in the form of instructional materials. The teaching materials utilized by
students are pertinent to the problem-solving process. The concepts studied include the
morphological structure of leaves, the metamorphosis of roots, stems, and leaves, and the morphology
of flowers, fruits, and seeds (Tjitrosoepomo, 2012). Upon completion of this course, students will be
able to analyze the fundamental concepts of the morphological structure of plant organs and will have
acquired the ability to identify plant organs based on morphology. It is thus evident that the utilisation
of innovative teaching materials is a crucial aspect in the enhancement of students' conceptual
understanding, particularly within the context of learning resources

Teaching materials are a series of narratives that elucidate the processes through which
content is conveyed and acquired at all levels, serving as a fundamental element of the subject matter
(Roberts et al., 2021). It is thus incumbent upon students to not only master the subject matter but
also to be able to articulate it accurately (Chiappetta & Fillman, 2007). Teaching materials are
frequently utilized to disseminate a plethora of authentic scientific data to learners (Chiappetta &
Fillman, 1991). Consequently, teaching materials encapsulate the curriculum and priorities classroom
learning (Chaisri & Thathong, 2014). Furthermore, teaching materials should facilitate the
enhancement of students' conceptual understanding.

The formation of misconceptions is influenced by several factors, particularly within the
context of plant morphology courses. One such factor is the unavailability of suitable teaching
materials that could assist lecturers in effectively delivering the material. The optimal teaching
materials would integrate theoretical knowledge and practical experimentation in a manner that
facilitates students' comprehension of plant morphology and enhances their understanding based on
the analysis of their own experiences (Moundy et al., 2022; Roberts et al., 2021). The findings
indicated that students who utilized the teaching materials for the majority of the lesson were more
inclined to engage in problem-solving activities with their peers (Archer-Bradshaw, 2017). The results
of the observation of teaching materials utilized in plant morphology courses have remained
consistent. Students tend to focus on a single printed teaching material. It is evident that the effective
utilization of teaching materials is of paramount importance in facilitating students' comprehension of
the biological concepts pertaining to plant morphology. Furthermore, such materials can play a pivotal
role in enhancing students' abilities and fostering creativity. The skills required for success in this field
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include (1) critical thinking, (2) problem-solving, (3) metacognition, (4) communication, (5)
collaboration, (6) innovation and creativity, and (7) information literacy (Mardhiyah, et al.,, 2021).
These skills are not innate; rather, they are acquired through practice, learning, or experience
(Redhana, 2019). Furthermore, the learning process should commence with the posing of challenging
questions concerning a given phenomenon, followed by the assignment of an activity (project) that
emphasises the collection and utilisation of evidence and the teaching of science as it is conducted
(Lawson, 1995). Therefore, the provision of teaching modules that enable students to engage more
actively in activities is a crucial necessity in plant morphology courses.

The enhancement of educational quality is progressing at a rapid pace in conjunction with the
advancement of scientific and technological fields. One such factor is the impact on learning resources.
Learning resources are defined as any entity that can provide specific information to a given
community. One potential learning resource is a teaching module (Simpson et al, 2021). In this
context, the module functions as a learning tool that can assist students in comprehending the material
presented by the lecturer, thereby preventing the formation of misconceptions (KoSir &
Lakshminarayanan, 2021). Teaching materials in the form of modules can facilitate discussions about
the nature of science, engage students in gathering information, and conduct laboratory and field
investigations. These investigations may explore topics such as the relationship between science,
technology, and society (Endang, 2010). This learning resource is aligned with numerous objectives of
science education, including an understanding of the nature of science, scientific inquiry, technology,
appreciation of science, attitudes towards science, and decision-making (Chiappetta & Fillman, 2007).

It is thus imperative to develop instructional materials in the form of learning modules to
facilitate the conveyance of information to students to enhance their conceptual understanding. The
availability of teaching modules that facilitate students' active engagement in learning activities is
expected to enhance their conceptual understanding (Alsalhi, 2020) (Kemdikbud, 2017). Considering
the aforementioned issues, it is imperative to introduce a novel approach through the creation of
instructional materials in the format of modules that prioritize student competencies and are project-
based in nature. This approach is designed to enhance students' comprehension of biological concepts.
Furthermore, it facilitates independent learning, enabling students to utilize the material even when
they are not in the classroom. The development of a project-based Plant Morphology Module is
anticipated to facilitate students' acquisition of the desired concepts.

To achieve continuous improvement, lecturers must cultivate positive attitudes towards
scientific concepts. The formation and development of lifelong learning skills are essential for ensuring
the capacity to investigate and educate about scientific developments (Dragos & Mih, 2015). Similarly,
the objective of learning outcomes is to benefit students and facilitate their capacity to engage in the
development and evaluation of their academic pursuits. The utilisation of learning outcomes may
result in unforeseen consequences if the theoretical foundation of the concept is not duly considered
or is not fully understood. Modules utilized as filler material must present a substantial and reliable
source of information. The material should be organized systematically and coherently, comprising a
diverse range of information. Moreover, the material must possess a compelling quality that will
stimulate students' interest in the subject matter. Consequently, teaching materials such as modules
should present challenges, stimulate interest, and provide support for student activity and creativity
(Sakri, 2008). In the current era, it is unfeasible to avoid changes; thus, it is imperative to adequately
prepare human resources (HR) to adjust and compete on a global scale. The enhancement of human
capital through educational avenues, spanning from primary and secondary education to higher
education, represents a pivotal strategy for maintaining competitiveness in the context of the
Industrial Revolution 4.0.

According to the aforementioned description, the development of teaching materials aimed at
fostering students' competencies in conceptual understanding is imperative. A notable exemplar of
this approach is the Project-Based Plant Morphology Module, which has been instrumental in
facilitating the mastery of essential skills among students.

METHODS
Research Design

This research project is a development of a project-based plant morphology module to
improve concept mastery. The development of this project-based plant morphology module employs
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the ADDIE model, which encompasses the following five phases: Analysis, Design, Development,
Implementation, and Evaluation (Aldoobie, 2015; Branch, 2009; Gordon, 2009). The research was
conducted over the period from April to October 2023. The trial was conducted on students enrolled
in the Plant Morphology course within the Biology Education Study Program at Universitas Bengkulu.

Instrument

The research was conducted over the period from April to October 2023. The trial was
conducted on students enrolled in the Plant Morphology course within the Biology Education Study
Program at Universitas Bengkulu.

Procedure
The following is a description of the procedure for developing plant morphology modules.

1. The analysis phase entails a needs assessment to ascertain the students' requirements regarding
the teaching materials. The resulting output is in the form of a description of the learner
characteristics, identification of needs, and a detailed task analysis based on the aforementioned
needs.

2. The design stage entails the configuration of the module structure and the module content
framework in alignment with the insights gleaned from the analysis phase. The culminating output
is an initial draft of the module tailored to the specific characteristics of the learners and the
demands of the CPMK. Additionally, the identification of pivotal concept material within the
project-based module developed necessitates the selection of suitable media, the determination of
optimal teaching material formats, and the formulation of preliminary designs.

3. The term "develop" encompasses the processes of creating, developing, and modifying project-
based modules. These modules are designed to achieve defined learning outcomes. In addition to
this, the modules are enhanced with a range of supplementary materials, including illustrations,
charts, and graphs. The modules are also structured with a clear layout and evaluation test
questions that assess the learners' understanding of the subject matter. Moreover, a formative
evaluation of the development process was conducted based on feedback from educational experts
and practitioners, as well as the validation questionnaire. Subsequently, the developed module
should be revised prior to its implementation or testing in the field. According to the results of the
preliminary trial, this improvement may be carried out on more than one occasion, thus ensuring
that the main module draft is ready for wider testing.

4. The implementation stage involves the utilisation of the module in learning activities, to determine
the readability of the module and its effect on the quality of learning. This is assessed in terms of its
effectiveness, attractiveness and efficiency in a sample of 30 students. The implementation stage is
conducted in small groups to obtain feedback from students and lecturers, which is then used as
material for the improvement of the product draft.

5. The evaluation process is undertaken to ascertain the extent to which the learning system being
constructed is meeting the initial expectations set out for it. This encompasses both formative
evaluation, which is conducted to facilitate improvement, and summative evaluation, which is
carried out after the program to determine the extent to which students have mastered the
concepts being taught and to assess the overall quality of the learning experience. In this study,
only formative evaluation was conducted, as this type of evaluation is pertinent to the stages of
development research to improve the resulting development product. The evaluation was
conducted on a stage-by-stage basis.

Data Analysis Techniques

The data obtained from the trial included both qualitative and quantitative data. The
quantitative data were obtained from the validation sheet of the project-based plant morphology
module by both expert validators and practitioners. These data were based on indicators of concept
mastery. The qualitative data were in the form of comments, suggestions, and criticisms given by
respondents from the module validation. These data were collected using the Guttman scale, namely
the checklist and Likert Scale. The score data obtained were averaged for each aspect. These averages
were then converted into percentages (Arikunto, 1997).
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The validation questionnaire was subjected to qualitative and quantitative analysis. The data
utilized in this process were derived from the Module validation questionnaire. The score data
obtained were averaged for each aspect and subsequently converted into a percentage (Johnson &
Johnson, 2002)

Furthermore, to measure the consistency of the reliability of the assessment of plant
morphology modules and learning devices by validators using the percentages agreement coefficient >
70 (Drost, 2011). The following criteria are used to determine the degree of consistency and reliability
in the validator assessments of the plant morphology module model presented (Akbar, 2017)

The student response data to the module was analyzed using a student readability response
questionnaire. The data was then calculated and presented in Table 3, which shows the percentage of
students who responded with a score that met the criteria for module readability (Riduwan, 2015)

RESULTS AND DISCUSSION
1. Results of Plant Morphology Module Design Development.

The results demonstrated that species belonging to the Angiospermae class were developed
into educational materials in the form of modules. The results of the design of these plant morphology
modules can be seen in Figures 1.
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Figure 1. Cover design of plant morphology module; (a) front cover (b) back cover; QR code

The following text provides a detailed description of the components that comprise the
project-based plant morphology module teaching materials. The module cover is designed with an
aesthetically pleasing combination of green, yellow, and other colors. The front cover includes the
author's name, logo, module title, and illustrative examples of angiosperms. The reverse side of the
cover is green in color and features a Zinnia elegans plant, a concise description of the module, and a
Quick Response (QR) code that facilitates online access to the module (Figure 1). The pages between ii
and iv contain a preface, table of contents, and glossary. The glossary features an animated leaf
background that is made transparent so as not to affect the writing of the module content. 3)Chapter I,
entitled "Introduction,” contains the following elements: (1) an enumeration of the course outcomes
for the plant morphology module; (2) a succinct description of plant morphology; (3) an explication of
the rationale and relevance of the module; and (4) instructions for using the module.

Chapter II, entitled "Angiospermae Plant Morphology," spans pages 9 through 33. It contains
images of Angiospermae plant species, accompanied by information in the form of photos,
classification, and descriptions of each species. The background is white, and the images are
accompanied by animations. The families Araceae, Asteraceae, Euphorbiaceae, Lamiaceae, Myrtaceae,
and Rutaceae are presented in a blurred state to avoid interference with the content. Each family is
accompanied by evaluation questions.

Chapter III comprises activities designed to facilitate deeper engagement with the subject
matter. These include plant herbarium activities and activities to identify single leaf morphology,

d 10.21009/biosferjpb.49896 Murniati et al E-ISSN: 2614-3984 203


https://doi.org/10.21009/biosferjpb.49896
https://issn.brin.go.id/terbit/detail/1180433305

compound leaf morphology, stem morphology, root morphology, flower morphology, and fruit
morphology using a blurred leaf background. The teaching materials have been subjected to validation
by media experts, material experts, and biology teachers. The results of this validation are presented
in Table 6 and Table 7.

2. Data from Module Validation by Experts

The validation of project-based plant morphology modules is conducted by biology education
expert validators based on the following criteria: content feasibility, presentation, language, size, cover
design, and content. The results of the validation analysis of the project-based plant morphology
module indicate an average score of 4.47, indicating that the project-based plant morphology module
can be utilized with minor revisions, specifically to address deficiencies in the media component of the
module. Additionally, project-based plant morphology modules have been deemed valid with a validity
percentage of 91.4% (Table 6). Furthermore, the validation of the plant morphology module was
accompanied by recommendations and feedback from the validators (Table 7).

Table 6
Mean validation score of Plant Morphology Module.
No. Assessment Indicators X R (%) Note
1  Content eligibility 4.33 93.4 Valid
2 Presentation feasibility 4.29 92.3 Valid
3  Language feasibility 4.63 90.3 Valid
4  Size 4.80 90.7 Valid
5  Module cover design 4.37 91.1 Valid
6 Module content design 4.40 91.1 Valid

Average 4.47 91.4 valid
Notes: X= Average, R= Percentage agreement, V= Valid

Table 7
Suggestions and Revisions of Plant Morphology Module Development
No Prototype I of Plant Morphology Module Revision Result
1  Further illustrative examples may be drawn from the campus environment. Followed up
2 The text was augmented with motivational language to reinforce the message. Followed up

3  In order to comply with the standards, set forth by the UNESCO, it is necessary to Followed up
widen the right margin of the module

4  The colors utilized in the module's design should be more harmonious and Followed up
transparent, as illustrated on pages 1 to 4.

5 It would be beneficial to include more detailed and illustrative descriptions in order Followed up
to gain a more comprehensive understanding of the subject matter.

6  Itisrecommended that the front page of the module display the families included in Followed up
the module.

7  The images of plant morphology at the conclusion of the text should be Followed up
accompanied by appropriate labels and descriptions.

8  The placement of the chapter title, situated in the middle of the page, should be Followed up
adjusted to a more elevated position.

9  Itis recommended that the illustration and font size of the title be reduced slightly Followed up
so that it is more proportional to the content below.

3. The Mean Response to the Plant Morphology Module

The mean student response to the Plant Morphology Module can be described as a positive
evaluation, indicating that the material was perceived as relatively straightforward (Fig. 6). In general,
students responded to the display aspect with a score of 4.34, the material presentation aspect with a
score of 4.44, and the benefit aspect with a score of 4.26. The mean score for student responses to the
plant morphology module was 4.34, representing a percentage of 86.9%. This indicates that the
module is categorized as "very easy to understand.” In accordance with the established criteria for
student response (4<TK<5), it can be concluded that the student response to the plant morphology
module is satisfactory.
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Figure 6: Results of Response to the Plant Morphology Module

The development of this project-based plant morphology module is based on the feasibility of
teaching materials, which consist of a presentation, content, language, and the size and design of the
module itself. In the plant morphology module, this objective has been met based on the results of the
assessment by the validator, who awarded a score of 91.4%. The plant morphology module has
enabled students to engage in project-based activities that are designed to enhance their ability to
grasp concepts. The incorporation of science process activities has been demonstrated to enhance
both concept mastery and process skills (Demirel & Caymaz, 2015). Moreover, it is asserted that
concept mastery is gauged based on knowledge (perception) as a consequence of individual endeavors
to comprehend the material they are learning (Nasution, 2006; Robinson et al., 2017). Accordingly, the
extent to which students can demonstrate an understanding of the material is contingent upon their
ability to recall information, comprehend ideas, apply knowledge, analyze concepts, evaluate
information, and synthesize ideas (Anderson & Krathwohl, 2001).

The project-based plant morphology module comprises activities that require students to
recognize plants and identify their outer structures with guidance from lecturers. The involvement of
lecturers in student learning activities has been shown to encourage direct engagement (Hughes et al.,
2017; Klein et al., 2009). The constant provision and receipt of information through the sensory
organs allows students to select information based on their preferred cognitive processes, which may
differ from the preferred mode of information reception (Le Roux, 2011).

The process of learning plant morphology through the plant morphology module will facilitate
the scientific method. In addition to enhancing scientific process abilities, the plant morphology
module provides students with the opportunity to engage directly with the application of biological
concepts and the subsequent demonstration of their veracity. Group-based investigations facilitate
active learning and facilitate the discovery and reinforcement of conceptual understanding (Gozuyesil
& Dikici, 2014; Gyamah, 2022). It is anticipated that students will successfully collect data and engage
in discussions to analyze their findings and present these results through open discussions, which will
facilitate evaluation and the identification of answers. The discussion serves as a communication
platform, providing students with the freedom to express their opinions and transfer knowledge
(Tanaka & Watanabe, 2013). Student involvement in this activity has been demonstrated to have a
positive impact on natural cognitive development (Cannady et al, 2019; Lewis, 2016) thereby
enhancing the learning process (Cannady et al.,, 2019).

In addition to presenting information about plants, the plant morphology module includes
evaluation questions for students. The evaluation questions in the module assess students' conceptual
abilities. It is hoped that through this module, students will demonstrate an improvement in their
understanding of the concept of plant morphology. In the process of assessing learning outcomes,
students are required to identify and interpret evidence in order to demonstrate their understanding
of the material, the extent to which they have mastered it, and the most effective means of achieving
the desired outcomes (Utaberta & Hassanpour, 2012). The results of the assessment, as conveyed by
the evaluation questions, must provide feedback to both lecturers and students. This feedback allows
lecturers to ascertain which students have or have not gained understanding, mastery, and skills in the
subject matter. For students who have not yet achieved these aspects, there is a need for for
improvement (Mitee & Obaitan, 2015).

The capacity for conceptual understanding is not contingent on grade level; however, students
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at higher grade levels tend to demonstrate more sophisticated problem-solving abilities. It is
imperative to recognize the significant individual differences that exist in students' conceptual
understanding throughout their academic careers. To gain insight into the multifaceted and nuanced
ways in which students comprehend learning materials, it is essential to examine factors such as
retention (Robinson et al., 2018). The concept of concept mastery is based on cognitive aspects as
outlined in Bloom's taxonomy. In their 2001 revision, Anderson and Krathwohl divided cognitive
aspects into two dimensions: the knowledge dimension and the cognitive process dimension. The
knowledge dimension comprises four categories: factual knowledge, conceptual knowledge,
procedural knowledge, and metacognitive knowledge. Concept mastery represents a cognitive aspect
that is the most frequently assessed by teachers in schools as a result of student learning in terms of
mastery of learning (Sudjana, 2005). Concept mastery represents one of the cognitive aspects that
serves as a benchmark for student success in the current learning process. Student concept mastery is
an integral component of student learning success, which plays a pivotal role in motivating students to
adopt sophisticated learning strategies (Utaberta & Hassanpour, 2012).

CONCLUSION

The project-based plant morphology module's teaching materials have been determined to be
valid based on the results of validator assessments. Furthermore, the project-based plant morphology
module has received a favorable response, indicating that it has been categorized as a module that is
very easy to understand and that can improve concept mastery.

ACKNOWLEDGMENT

[ would like to express my gratitude to all individuals who contributed to the creation of this
teaching module and to the Faculty of Teacher Training and Education Universitas Bengkulu for their
invaluable support in conducting this research.

REFERENCES

Akbar, S. (2017). Instrumen Perangkat Pembelajaran. PT Remaja Rosdakarya.

Aldoobie, N. (2015). ADDIE Model. American International Journal of Contemporary Research, 5(6), 68-
72. https://www.aijcrnet.com/journals/Vol_5_No_6_December_2015/10.pdf

Alsalhi, N. R. I. (2020). The Representation of Multiple Intelligences in the Science Textbook and the
Extent of Awareness of Science Teachers at the Intermediate Stage of This Theory. Thinking Skills
and Creativity, 38(4), 1-15. https://doi.org/10.1016/j.tsc.2020.100706

Anderson, L. W., & Krathwohl, D.. (2001). A Taxonomy for Learning, Teaching, and Assessing (A Revision
of Bloom’s Taxonomi of Educational Objectives). Addission Wesley Longman, INC.

Archer-Bradshaw, R. E. (2017). Teaching for Scientific Literacy? An Examination of Instructional
Practices in Secondary Schools in Barbados. Research in Science Education, 47(1), 67-93.
https://doi.org/10.1007/s11165-015-9490-x

Arikunto, S. (1997). Prosedur Penelitian: Suatu Pendekatan Praktek (Edisi Revi). PT Rineka Cipta.

Branch, R. M. (2009). Instructional Design: The ADDIE Approach. Springer New York Dordrecht
Heidelberg London. https://doi.org/DOI: 10.1002/0470018860.s00683

Cannady, M. A,, Vincent-Ruz, P., Chung, J. M., & Schunn, C. D. (2019). Scientific Sensemaking Supports
Science Content Learning Across Disciplines and Instructional Contexts. Contemporary
Educational Psychology, 59(4), 1-58. https://doi.org/10.1016/j.cedpsych.2019.101802

Chaisri, A., & Thathong, K. (2014). The Nature of Science Represented in Thai Biology Textbooks Under
the Topic of Evolution. Procedia - Social and Behavioral Sciences, 116, 621-626.
https://doi.org/10.1016/j.sbspro.2014.01.268

Chiappetta, E. L., & Fillman, D. A. (1991). A Method to Quantify Major Themes of Scientific Literacy in
Science  Textbooks. Journal of Research in Science Teaching, 28(8), 713-725.
https://doi.org/10.1002 /tea.3660280808

Chiappetta, E. L., & Fillman, D. A. (2007). Analysis of Five High School Biology Textbooks Used in the
United States for Inclusion of the Nature of Science. International Journal of Science Education,
29(15), 1847-1868. https://doi.org/10.1080/09500690601159407

Demirel, M., & Caymaz, B. (2015). Prospective Science and Primary School Teachers’ Self-efficacy
Beliefs in Scientific Literacy. Procedia - Social and Behavioral Sciences, 191(1), 1903-1908.

d 10.21009/biosferjpb.49896 Murniati et al E-ISSN: 2614-3984 206


https://doi.org/10.21009/biosferjpb.49896
https://issn.brin.go.id/terbit/detail/1180433305
https://www.aijcrnet.com/journals/Vol_5_No_6_December_2015/10.pdf
https://doi.org/10.1016/j.tsc.2020.100706
https://doi.org/10.1007/s11165-015-9490-x
https://doi.org/10.1016/j.cedpsych.2019.101802
https://doi.org/10.1016/j.sbspro.2014.01.268
https://doi.org/10.1002/tea.3660280808
https://doi.org/10.1080/09500690601159407

https://doi.org/10.1016/j.sbspro.2015.04.500

Dikmenli, M., & Cardak, 0. (2010). A Study on Biology Student Teachers’ Conceptions of Learning.
Procedia - Social and Behavioral Sciences, 2(2), 933-937.
https://doi.org/10.1016/j.sbspro.2010.03.129

Dragos, V., & Mih, V. (2015). Scientific Literacy in School. Procedia - Social and Behavioral Sciences, 209,
167-172. https://doi.org/10.1016/j.sbspro.2015.11.273

Drost, E. A. (2011). Validity and Reliability in Social Science Research. Education Research and

Perspectives, 38(1), 105-123. https://www.erpjournal.net/wp-
content/uploads/2020/02/ERPV38-1.-Drost-E.-2011.-Validity-and-Reliability-in-Social-Science-
Research.pdf

Endang, N. (2010). Pengembangan Modul. Universitas Sebelas Maret.

Gordon, W. G. (2009). The ADDIE Model: An Instructional Generic Design Model Strategy. Advanstar
Communications.

Gozuyesil, E., & Dikici, A. (2014). The Effect of Brain Based Learning on Academic Achievement: A
Meta-analytical Study. Educational Sciences: Theory & Practice, 14(2), 642-648.
https://doi.org/10.12738/estp.2014.2.2103

Gyamah, G. (2022). Effectiveness of Group Investigation Versus Lecture-Based Instruction on Students’
Concept Mastery and Transfer in Social Studies. The Journal of Social Studies Research, 6(1), 1-15.
https://doi.org/10.1016/j.jssr.2022.05.001

Hughes, M., Hughes, P, & Hodgkinson, I. R. (2017). In Pursuit of a “Whole-brain” Approach to
Undergraduate Teaching: Implications of the Herrmann Brain Dominance Model. Studies in
Higher Education, 42(12), 2389-2405. https://doi.org/10.1080/03075079.2016.1152463

Johnson, D. W,, & Johnson, R. T. (2002). Meaningful Assesment A Manageable and Cooperative Process.
Allyn & Bacon.

Kemdikbud. (2017). Panduan Praktis Penyusunan E-Modul. Kementerian Pendidikan dan Kebudayaan
RI.

Klein, J. L., Taveras, S., King, S. H., Commitante, A., Curtis-Bey, L., & Stripling, B. (2009). Project-Based
Learning: Inspiring Middle School Students to Engage in Deep and Active Learning. In Division of
Teaching and Learning Office of Curriculum, Standards, and Academic Engagement. NYC
Department of Education.

Kosir, S., & Lakshminarayanan, R. (2021). Inclusion of “Generations of Human Rights” in Social Science
Textbooks.  International  Journal of  Educational  Development, 80(1), 1-12.
https://doi.org/10.1016/j.ijedudev.2020.102295

Lawson, A. . (1995). Science Teaching and The Development of Thinfking. Wadswort. Wadsworth,
Cengage Learning.

Le Roux, I. (2011). New Large Class Pedagogy: Developing Students’ Whole Brain Thinking Skills.
Procedia - Social and Behavioral Sciences, 15(1), 426-435.
https://doi.org/10.1016/j.sbspro.2011.03.116

Lewis, P. ]. (2016). Brain Friendly Teaching—Reducing Learner’s Cognitive Load. Academic Radiology,
23(7), 877-880. https://doi.org/10.1016/j.acra.2016.01.018

Mardhiyah, R.H., Sekar Nurul Fajriyah Aldriani, Sekar Nurul Fajriyah, Chitta, S. N. F. M. R. Z. (2021).
Pentingnya Keterampilan Belajar di Abad 21 sebagai Tuntutan dalam Pengembangan Sumber
Daya Manusia. Lectura : Jurnal Pendidikan, 12(1), 29-40. https://doi.org/10.31849 /lectura.v16il

Mitee, T. L., & Obaitan, G. N. (2015). Effect of Mastery Learning on Senior Secondary School Students’
Cognitive Learning Outcome in Quantitative Chemistry. Journal of Education and Practice, 6(5),
34-38.
http://search.proquest.com.ezp.lib.unimelb.edu.au/docview/1773220132?accountid=12372

Moundy, K., Chafiq, N., & Talbi, M. (2022). Digital Textbook and Flipped Classroom: Experimentation of
the Self-Learning Method Based on the Development of Soft Skills and Disciplinary Knowledge.
International Journal of Emerging Technologies in Learning, 17(7), 240-259.
https://doi.org/10.3991/ijet.v17i07.28933

Nasution. (2006). Berbagai Pendekatan Dalam Proses Belajar Mengajar. Bumi Aksara.

Redhana, I. W. (2019). Mengembangkan Keterampilan Abad Ke-21 Dalam Pembelajaran Kimia. Jurnal
Inovasi Pendidikan Kimia, 13(1). https://doi.org/10.15294 /jipk.v13i1.17824

Riduwan. (2015). Dasar-Dasar Statistika. Alfabeta.

d 10.21009/biosferjpb.49896 Murniati et al E-ISSN: 2614-3984 207


https://doi.org/10.21009/biosferjpb.49896
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1016/j.sbspro.2015.04.500
https://doi.org/10.1016/j.sbspro.2010.03.129
https://doi.org/10.1016/j.sbspro.2015.11.273
https://www.erpjournal.net/wp-content/uploads/2020/02/ERPV38-1.-Drost-E.-2011.-Validity-and-Reliability-in-Social-Science-Research.pdf
https://www.erpjournal.net/wp-content/uploads/2020/02/ERPV38-1.-Drost-E.-2011.-Validity-and-Reliability-in-Social-Science-Research.pdf
https://www.erpjournal.net/wp-content/uploads/2020/02/ERPV38-1.-Drost-E.-2011.-Validity-and-Reliability-in-Social-Science-Research.pdf
https://doi.org/10.12738/estp.2014.2.2103
https://doi.org/10.1016/j.jssr.2022.05.001
https://doi.org/10.1080/03075079.2016.1152463
https://doi.org/10.1016/j.ijedudev.2020.102295
https://doi.org/10.1016/j.sbspro.2011.03.116
https://doi.org/10.1016/j.acra.2016.01.018
https://doi.org/10.31849/lectura.v16i1
http://search.proquest.com.ezp.lib.unimelb.edu.au/docview/1773220132?accountid=12372
https://doi.org/10.3991/ijet.v17i07.28933
https://doi.org/10.15294/jipk.v13i1.17824

Roberts, K., Benson, A., & Mills, J. (2021). E-textbook Technology: Are Instructors Using it and What is
the Impact on Student Learning? Journal of Research in Innovative Teaching and Learning, 14(3),
329-344. https://doi.org/10.1108/]JRIT-04-2021-0028

Robinson, K. M., Dubé, A. K., & Beatch, ]. (2017). Children’s Understanding of Additive Concepts. Journal
of Experimental Child Psychology, 156, 16-28. https://doi.org/10.1016/j.jecp.2016.11.009

Robinson, K. M., Price, J. A. B, & Demyen, B. (2018). Understanding Arithmetic Concepts: Does
operation matter? Journal of Experimental Child Psychology, 166(1), 421-436.
https://doi.org/10.1016/j.jecp.2017.09.003

Sakri, A. (2008). Cara Menulis Buku Ajar. ITB.

Sands, D. (2014). Concepts and Conceptual Understanding : What Are We Talking About? NDIR, The
Higher Education Academy, 10(1), 7-11. https://doi.org/10.11120/ndir.2014.00030

Simpson, D. Y., Beatty, A. E., & Ballen, C. J. (2021). Teaching Between the Lines: Representation in
Science Textbooks. Trends in Ecology and Evolution, 36(1), 1-5.
https://doi.org/10.1016/j.tree.2020.10.010

Stalvey, H. E., Burns-childers, A., Chamberlain, D., Kemp, A., Meadows, L. ]., & Vidakovic, D. (2018).
Students ’ Understanding of the Concepts Involved in One-sample Hypothesis Testing. Journal of
Mathematical Behavior, 1(3), 1-23. https://doi.org/10.1016/j.jmathb.2018.03.011

Sudjana, N. (2005). Dasar-dasar Proses Belajar Mengajar. Sinar Baru Algensindo.

Suwono, H., Pratiwi, H. E., Susanto, H., & Susilo, H. (2017). Enhancement of Students’ Biological
Literacy and Critical Thinking of Biology Through Socio-biological Case-based Learning. Jurnal
Pendidikan IPA Indonesia, 6(2), 213-222. https://doi.org/10.15294 /jpii.v6i2.9622

Tanaka, K., & Watanabe, K. (2013). Effects of Learning With Explicit Elaboration on Implicit Transfer of
Visuomotor Sequence Learning. Experimental Brain Research, 228(4), 411-425.
https://doi.org/10.1007/s00221-013-3573-6

Tjitrosoepomo, G. (2012). Morfologi Tumbuhan. Gajah Mada University Press.

Utaberta, N., & Hassanpour, B. (2012). Aligning Assessment with Learning Outcomes. Procedia - Social
and Behavioral Sciences, 60(1), 228-235. https://doi.org/10.1016/j.sbspro.2012.09.372

Yan, T., Wang, Z., Lio, C, Xu, W., & Wan Li. (2021). Effects of The Morphological Characteristics of
Plants on Rainfall Interception and Kinetic Energy. Journal of Hydrology, 592(125807).
https://doi.org/10.1016/j.jhydrol.2020.125807

d 10.21009/biosferjpb.49896 Murniati et al E-ISSN: 2614-3984 208


https://doi.org/10.21009/biosferjpb.49896
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1108/JRIT-04-2021-0028
https://doi.org/10.1016/j.jecp.2016.11.009
https://doi.org/10.1016/j.jecp.2017.09.003
https://doi.org/10.11120/ndir.2014.00030
https://doi.org/10.1016/j.tree.2020.10.010
https://doi.org/10.1016/j.jmathb.2018.03.011
https://doi.org/10.15294/jpii.v6i2.9622
https://doi.org/10.1007/s00221-013-3573-6
https://doi.org/10.1016/j.sbspro.2012.09.372
https://doi.org/10.1016/j.jhydrol.2020.125807

